Adhesive behaviors of porcelain, quartz and alumina were investigated using a silane coupling agent and ferric chloride together with 4-META/MMA-TBB resin. Using 4-META/MMA-TBB resin, porcelain pretreated with silane and ferric chloride showed bond strength above 20MPa after 2,000 thermal cycles. Silane primed quartz and alumina bonded with 4-META resin showed excellent adhesive durability. Silane coupling agent and 4-META seemed respectively to be effective for bonding the silicon derivative and the aluminum compound, which were the main components of the porcelain.
INTRODUCTION
Dental porcelain is a widely used bio-inert and aesthetic material. However, it has a disadvantage of being brittle and difficult to handle. Porcelain and other materials are usually joined by mechanical retention such as pins and undercuts, except when using ceramometal techniques. Several studies on bonding of porcelain with silane coupling agent have been reported1-9). This article deals with the effects of a silane coupling agent, ferric chloride and 4-methacryloxyethyl trimellitate anhydride (4-META) on the bonding of porcelain, quartz and alumina with MMA-TBB resin.
MATERIALS AND METHODS
The materials used in this study are shown in Table 1 . The primer consisted of two liquids: one component (abbreviated as Z) was 4% 3-trimethoxysilylpropyl methacrylate in methyl methacrylate (MMA), the other component (abbreviated as F) was 0.1% ferric chloride in ethanol. The adhesive was 4-META/MMA-TBB resin10). The adherend was porcelain for ceramometal crowns. Besides the porcelain, quartz and alumina, which were the components of the porcelain, were used to investigate the mechanism of adhesion and function of the additives.
After sanding with #600 silicon carbide or emery paper, the adherend specimens were washed ultrasonically in acetone. A piece of tape with a circular hole 5mm in diameter was put on the surface of each specimen. Equal amounts of Z and F were mixed and applied on the five specimens. After 10s, the surfaces were air-dried. The prepared specimen and Table 2 shows the combination of primer and adhesive and the obtained tensile bond strengths between porcelain and stainless steel. When the adhesive did not contain 4-META, unprimed and only silane or ferric chloride primed specimens showed bond strengths below 10MPa after 1 day's immersion in water. The specimens bonded after application of a mixture of silane coupling agent and ferric chloride showed bond strengths above 20MPa after 2,000 thermal cycles.
RESULTS
The mean values of the bond strengths increased when 4-META was added to the adhesive. The combination of silane coupling agent, ferric chloride and 4-META proved to be effective to bond porcelain. Specimens with bond strength above 20
MPa usually showed cohesive failure in the adhesive. Most of the specimens with low bond strength fractured at the interface of adhesive and porcelain.
Quartz and alumina were used as adherends to investigate the function of additives. Bond strengths when quartz was used as an adherend are summarized in Table 3 . The results were similar to those obtained with porcelain. Bond strengths were excellent when the mixture of silane coupling agent and ferric chloride was used. 4-META was also effective. However, only silane primed quartz showed adhesive durability compared with the porcelain. Table 4 shows the bond strengths when alumina was used as an adherend. Alumina showed adhesive durability with the adhesive containing 4-META.
DISCUSSION
In practice, composite resin restorations and resin bonded bridges are used as aesthetic treatments.
Hence, many studies on bonding between teeth and alloys or composites have been reported. However, few investigations have been made about the bonding of porcelain, except with silane coupling agent. An adhesive resin for repairing fractured porcelain or bonding laminate veneers and castable ceramics will be useful if adhesive durability can be obtained. A primer with silane coupling agent and ferric chloride was prepared to develop a composition for porcelain bonding that withstands long use. The effects of the combination of this primer with 4-META/MMA-TBB resin were investigated.
Silane coupling agent is used as a treating agent for silicon dioxide because it has a special effect on bonding porcelain or binding the filler and matrix monomer of the composite resin11-12). 4-META monomer was effective in bonding of non-precious alloys and some kinds of metal oxides8, 10, [13] [14] [15] [16] [17] . A combination of ferric chloride and 4-META/MMA-TBB resin was adhesive to dentin18), hydroxy apatite19) and nickel-chromium alloy20). Based on these reports, bonding of porcelain was studied using silane coupling agent and ferric chloride as a primer and 4-META/MMA-TBB resin as an adhesive. When the resin did not contain 4-META, the bond strength obtained with silane primed porcelain was 9.8 MPa whereas using 4-META resin it was 15.6MPa.
Generally it is desirable to use acid or heating together with silane coupling agent to bond porcelain. 4-META monomer, which is easily changeable to carboxylic 4-methacryloxyethyl trimellitate (4-MET) monomer in the presence of a very small amount of water21), may have worked as an acid, and bond strength may have increased. Application of silane coupling agent together with ferric chloride also showed excellent adhesive ability. Whether ferric chloride worked as an acid in the presence of water or had some other function should be investigated further.
To evaluate the function of the additives, quartz (SiO2), which is the main component of the porcelain, was used as an adherend.
For bonding of quartz, silane coupling agent was effective even without heating or in the absence of acids. This phenomenon suggests that silane coupling agent has a particular effect on bonding the silicon derivative of the porcelain component. On the other hand, alumina bonded strongly using adhesive containing 4-META. The results suggest that besides 4-META monomer working as an acid, the monomer itself is suitable for bonding of metal oxide such as alumina.
CONCLUSION
A two liquid type primer containing silane coupling agent and ferric chloride was prepared, and using this material together with 4-META/MMA-TBB resin, bond strengths to porcelain, quartz, and alumina were investigated.
Porcelain bonded with this system showed bond strengths above 20MPa after 2,000 thermal cycles. Quartz bonded strongly when using a primer with silane coupling agent. However, alumina showed adhesive durability when 4-META/MMA-TBB resin was used. Silane coupling agent and 4-META monomer seemed respectively to be effective for bonding of the SiO2 and Al2O3 components of porcelain.
